Degradation of Acid Red 4 (AR4) by photocatalytic processes with TiO 2 nanotube arrays (TNTs) of various dimensions was carried out in this study. TNTs was fabricated by the anodization of titanium foil in electrolyte containing fluoride. The dimension and the induced photocurrent of TNTs were determined by a field-emission scanning electron microscopy and a potentialstat/galvanostat, respectively. The well-defined and highly-ordered TNTs were formed at the anodization voltage ranging from 10 to 40 V in water/glycerol solution (20:80 wt.%) containing 0.5 wt.% NH 4 F. TNTs annealed at 6008C was found to induce the highest photocurrent and to exhibit the preeminent performance of AR4 degradation. The apparent first-ordered reaction rate constant for AR4 degradation was roughly linearly dependent on the induced photocurrent of TNTs, despite the dimension of nanotubes. The depths of incident UV light penetration through the nanotubes and of AR4 diffusion inside nanotubes restricted the degradation of AR4.
INTRODUCTION
Photocatalytic processes using semiconductor catalysts under appropriate illumination have been regarded as potential technology to treat organic and inorganic pollutants (Linsebigler et al. 1995; Ma et al. 2008 ). Many researches have proven that TiO 2 nanotubular layers possessed higher photocatalytic activity than that of TiO 2 nanoparticulate layers (Khan et al. 2006; Macak et al. 2007 ).
In recent years, numerous researchers have focused on developing new techniques for fabricating TiO 2 with a unique nanostructure consisting of vertically oriented, immobilized, highly ordered and high-aspect ratio nanotubes. The dimension of TiO 2 nanotube arrays (abbreviated as TNTs in this study) fabricated by anodization was found to be varied with the anodization voltage and anodization time. Gong et al. (2001) used an anodic oxidation method for the fabrication of TNTs in an aqueous solution containing 0.5 to 3.5 wt.% hydrofluoric acid. The authors found that the average tube diameter was increased with increasing anodization voltage, while the TNTs length was approximately 500 nm. Crawford et al. (2007) examined the effect of anodization time on the dimension of TNTs and revealed the length of TNTs was increased with anodization time for anodizations conducted less than 15 h and was remained a constant length thereafter. As the indicated by Macak & Schmuki (2006) and Kim et al. (2008) , the tube diameter and wall thickness of TNTs were not varied with anodization time.
Recently, the potential application of TNTs in environmental areas was investigated because of their large specific surface area, favorable surface chemistry, and strong adsorbability. Quan et al. (2005) indicated that photoelectrocatalytic degradation of pentachlorophenol in aqueous solution with TNTs was higher than that using TiO 2 film. Liu et al. (2008) also demonstrated that degradation rate of phenol by photoelectrocatalytic process with the present of TNTs was almost two-fold higher than that with P25 TiO 2 film. Quan et al. (2007) and Wang et al. (2009) The schematic diagram of the photocatalytic system employed in this research is shown in Figure 1 . The planar reactor used by our previous study (Wang & Ku 2006) was selected for photocatalytic degradation of AR4 in All experiments were conducted isothermally at 20 ^ 18C with a thermostat circulator. The photocatalytic process was operated in a recirculation mode. The photocatalytic reaction was operated in a recirculation mode.
Aqueous solution containing predetermined concentration of AR4 in the feed vessel volume was pumped to photoreactor at the flow rate of 210 ml/min and the leaved solution was flowed back to the feed vessel at the same rate.
The solutions were sampled at each intermittent periods of reaction time and were measured for the concentration of AR4 by a UV-vis spectrophotometer (V-550, Jasco) using a wavelength of 509 nm.
RESULTS AND DISCUSSION
It is reported that TNTs may not form at a low anodization voltage and may collapse at a high anodization voltage (Oh et al. 2008; Paramasivam et al. 2008) . Figure Table 1 . Experimental results revealed that degradation of AR4 and induced photocurrent were both increased with increasing TNTs annealing temperature from 300 to 6008C, and then decreased for TNTs annealed at temperature higher than 6008C. Awitor et al. (2008) revealed that TNTs annealed at 5008C showed the highest photocatalytic activity because TNTs possessed specific composition of mixed anatase and rutile phases. This observation was similar to the strong photocatalytic 
Few previous researchers have reported the effect of
TNTs dimension on the photocatalytic activity for the degradation of pollutants. In this study, the apparent firstorder reaction rate constants for photocatalytic degradation of AR4 in aqueous solutions using TNTs of various lengths and inner diameters of 38 and 177 nm are listed in Figures 5 and 6, respectively. Degradation of AR4 was found to be increased for experiments using longer TNTs, ascribed to the increased illuminated inner surface area of these TNTs.
However, the enhancement of AR4 degradation was found As the schematic diagram of the photocatalytic system shown in Figure 1 , UV light penetrated the top glass plate, liquid media and illuminated on the topside of TNTs.
The light intensity on the surface of TNTs was calculated by
Beer's law for multi-layer media as shown in Table 2 . 
